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[mmn 1 ] 

^tal*^ 'S: -g) C i: ^^'^ t^t^i^ ') :3>^x-.x. 
[I#5|<JI 2 ] 

[lt^Jl3 ] 

C ZvS tc J: fig 13 >fS^^tii,^ib )5r ^Grown-in Xm^ - 

[If ?I<JI 4 ] 

iitiiep \ ^nu^\ B . yi<m^^ ^^j:\^^'t^'\±mm^^izit-<x . 

W o 

Htiie^7l^tt#HM+lc fcl-t^7K*^JEtij*4 . 0-^9. 33kPa (30^70torr)<7> 
[If *JI 6 ] 

[lt?I^Jl7] 

3 f}-h 6 <r)\^-rnt^i^m<r)i^ > ^*S^W/^;^vilC J: o /^^^ :h.^cm*SB^)b- 
[If ?)<JI 8 ] 



[ 0 0 0 1 1 

13 > ^ ^ - ^Nc^^^ttT'^ -5 >- ') ^ > *p 1^ <^ W ^ >S ic m L . #lc X|5|g<7> 'Srv^ 
Gr own-i nXffi^ ';-^3:-^N<7>i!i3ltcfflv^T^ii'5rt$^flclS-t^o 

[ 0 0 0 2 ] 

>- r: > ^ a: - ^N<7>i^ttT^fe^ ^ M =J > ^ ^ <^ Mat vS t L X iXm^ ^J: ^ CD It . C Z 

•9 . 5 ^ ^^ 4< 1*1 iz mfRLfziy :3 > )^ ic S II ^ >5« L . V # ;^ ^^ffi *S H ^ 0 K ^ 
i± 'Sr fi*S ^ ^1 ± l-f -2. C h [c J: . fi*S ^ c;^ T;^ ic x n > ^ ^ Wfi^i" ^ o 
[ 0 0 0 3 ] 

3 7 L TMat 5 tl § >■ V :3 > #.^g^ic ti . ■r' X ff^;^X @ T fl.^ H ^ 4" ^ tl ^ fiM<^ 
G r o w n - i n X^i)^^ C ^ Z t i}^^^tiX\-^ iX^m ^ G r own - i nXBlt. 

t&T^i- ^ mm^itiz^±-t ^miiL ^ ^ X 9 Ru^jimm^i^iz^^-f ^ c of ^rz 

^PiB > 'j :3 > M<?^ G r own- i n Xl^lg 7 'J - ^tg| ^ » *n ^ S^'J fS] ic It ^ AM 95 
Xm^^^m 1 ic cfe ^) ma;? -t ^ i: . I-ii T ^ < T ^ o 
[ 0 0 0 4 ] 

^^^:'jf«i<?> + ^<igic > r (;|^) o SF ^^^^ii^ > r^^ic^fc LTv^ So > 

ro SF %^^taii^O|*lilJliMXK^t^^/hLT C OP ^fz\tif^^ H ^^^tgii icSr o T S 

r o w n - i n xPig^ 'j -^lisi ( F v^tsi) T iio . mm^m^mummt^^^i^ v 

M^oGr own - i nXK^ V-^taJi (P I^taX) TJbSo 
[ 0 0 0 5 ] 

[ 0 0 0 6 ] 

m2\t. ^1 ±if ill^^l^ ^ lcfB:T ^ l±'&;6^-'b/3^^ ^ i± l|i H <7> r*e »f ffi ic felt S ^ Pig ^ 
In^^J^ LTv^S. iitiSS^j-'ilv^^pgT'tt. > ^^~~0 SF ^ ^fe ti ,f S H. g|J g 

^'j [«]<?) IS t?^t^lc C O P ^^^i--2.o ^l_hi-fMS<^<B:Tlcff oTM^roSF ^^^t^li 

^ T L ^IS B^B tf SX ^ tl ^ I - ^^ li . *g S ^ fS] (7^ IC Kfl ^ ^ 7. ^ 

^^^-tSo %i-j:^\z. HI 1 <?5*S^1tif® a. 0 2 43<?5A<i^T'c?^»f®IIltcffi^ LTv^S 
[ 0 0 0 7 ] 

Kfi ^'^x^'tCOP t ^ic ^^N' XJff Hf-S^S'fc G r o w n - i n ^PlgT- 
2 ^\zDiim.\^XiLX^.^ri^ J: -7 ^"O SF ^^«^^*gB^ 3^ Higgle -ag^ 1±-Sib-*S^51--\ 
[ 0 0 0 8 ] 

L L 'Sr ^ ja^lcfcltsmfilHjg&cT^W L v^jlKIHfblcff v^. C 0 P ^ S'tt ^ ^ 



1 ] *f ^ 2001-220289 ^l>i5 
[iff i^^i^ 2 ] 2002-187794 ^1>« 

[ifffF^i^S ] iNf^ 2000-28149 1 
[ifffF^i^4 ] iTf^ 2001-335396 
[ 0 0 0 9 ] 

;rfi^:^s^ 1 7kumt'f^cm2 \zmm^ nxv^ ^-^f^mM^izh-n ^ g r o wn- i nxmy 

[ 0 0 1 0 1 

lir<^i£i)fffilcfctt^XPig^^^Ti. #lc 'j > SF fE^fe^taXti. T ^ ic T o $t o 

^^1 ±if ^fr ^tf ffl L T ^ . G r o w n - i n XFiS 7 'j - iai ti M ^ 'll^ SMc FI^^^ ic 
[0011] 

*>^-^lc. y 7^ 9 7kU C 0 P It . 'i > ro S F %£t£^|t5Xl*lfiJ<7)MXPig^taXlc%^t£ 

L ^^v^<?>ti^|^<?^ C i: . 'i > S F %4£^tal g M ic ti ^ <^ f JJ St Iff tti it JaX 

]S^UWim^ti!,mm^i^\z^^c t^K^. m^. Zti'h 4 'o<^^i^i]^G r o w n - i nXm^ 

[0012] 

ctiicj^L. ^^Bm±.i-fjriziin^t^vh^/-ymm.<^x^iz^^. mmm.^<^^^^B^ 
9\^mmi)-hmm^izuu-t ^ j; 7 ic-t^ ^ . ct"i>gPT<7>sj^i/geG c ^34-111 gPT<?>©si/ 

KGei:fB]-^^3tlJ;^:^§<i-§3i:;b*ari^i::a-§„ ^ ^ -t ^ t . ^\ 1.1-f Mft^ '4^ ^ \z 
i&T^ -tf 1± /c iii .I^S H^H <7) if S ic tt § ') > r (;t^) O SF ^^^nt^(^ m-V\lt 

. m S \z9^-t ^ ^ \Z . T ^ IC CO ffl [S] <;o ^ t T ^ i?^- 7 ^ -y h fb L T U ^ ff^'t^ IC ^ „ ^ L 

^ffffl-t^ z tlz^*) . *SB^S;^[6]<7)^t^^XP(g7 -j --fbi--5 3 1 1^-^ miz ^j: ^ . *> ^ 

ic m 3 T i± . 3 ^1 _h i-f M ff^ iiB-c<Dmm\Ht^^^. 

[0013] 

. Wii^Id H ic It § XFfi 7 'i - fb<^ ft!l<?^ t$ ^lif i: L T . tt'^f s^^ « 3 R unt'f 
4 ic^ 5 ti^ 7 'Sr^D H^l S ±ff' (?>7Ka H - § „ c ti li ^1 ± tf 1*1 ic ii A-t 
^ ^vl^tt x 4^ j^»<7>7K^ 7s ^ -S A-t ^ t<7>-e#> 'J :3 > gjiiix^^s^ H - 7" i: 

[^B^<?>|g^l 

[^HH^j^^V^ L J: 7 t-t^iiil] 
[0014] 

^Tf i^^i^ 1 JkZ/mff^m 2 lege® ^ tiTv^ § 7 =5: X Pig ^ ffeij i] ic J;^Grown-i 
[00 1 5 1 

f]^x.X . Gr own-in 7 - it^ fz ^ ^\ ±i-f3Mf^%tm ("^-^'^ : m 3 ^ 

B- C ^mm) -b^n < . G r o w n - i n XFi ^ -^SII<7>^/^^rWi3^;f?^~il t v^,, ^<^^S 
m . G r own- i nXm^ 'i - IS H ^ IS H ^ ic ilt o T If ^ 3 h S II T ilo ^ . G r o 

w n - i n 7 ') -|Slit<^Mjt^S t < tc ^ ^ Z <r) fzdbiz . Grown-inX 

my -'n^B>(^mm^ <7)m's^t>'mmt^^^mmi}^$>-orz. jftic is n 11.^**2 o o m 

m. 3 0 0 mm i: ^§ < § ictafe o T . G e < G c M i^JS^i" -2. 3 i: t 'Sr ^) . 



[0016] 

^ h\z. Grown-inXK7«; - ^M^<?> fca^cT^ ^1 _h i-f MSIBffl<?> "7 t^*<7>G 
rown-inXPfg7-j -^S^^fiiiit- ^ /^yx^^ilSIBH (v-i^^ : |I|34'<?>E-C<?> 
IBH) i)»5*v^fca6. § ± i-f Ize: * G r o w n - i n %m 7 - li, tc T . ^JLM 
^ G r o w n - i n XPfi 7 'j (P V^tsl) T ife § ^^Iff tli f^il^IM ^ . ^^f^'y 

:3 > G r o w n - i n Xl^ii 7 'j -«j-s| ( P I its ^ @^ ^ Iff tii JTP ^0 ±3! ( J: ^ 

. 1 2X1 0 1 ^ atonis/ciTiHMT^i&^^*DliriOJt^lc a 'J > r O S F ^ItaK) i: L 

i:lc4-^o ^f-. A<?>^li3)Tff <7))^'t4^KtaXtt . C 0 P ^ Iz; ^ 7. 5^ tt T 4' < . 

^^ffi'tiiit^^^<?^ 2 /XXFflT^S 0 SF ^^^°> h ^fi'Sr ^t^^ - T ilo S ^ 

i; 7 '5rXFg*^')¥ft L 'Srv^^Italc^^ilJS. "t =5r ^ -t) D Z i|iS iO^' ^ a: - ffl 1*1 T ^J^l — i: 
Ctl'b<?5lG|li:D Zi|ig<7>^±5f-^^PIC =): o T . ^^nM X iff '|4 o § . S 

(7^ ii- h ^ C r own-i n Xl^ig 7 ^^'MitT § ti tJ^v^. L L . flxlc. P V 

^taX</)c?*;!j^'^^-S G r o wn- i n X^(g7 -j - ,4=5 H M it T § f:: t LTt . i^1^\zmWk^ 

J; 7 ic-t . Cc7>/ia6lc. st#$ ti^^^-ilS^^$Uffl**i&^^^tal (l5iJx. tJ. 

CO i] ^1 2X1 0 1 7 a toms/cm3) icftiJFI^ti. MWt^^i^i3^W.^tSi\^ i: 

^^t^x^V I ^t5|<:;> ^ G r own- i n XPig 7 'j J; < ^^ic 

ff;j^T§§Ci:/b--mttlTv^/c;b^\ PI^J:5|c;>^;b-.^=5:§Grown-inXP(g7 

[0017] 

*^BH<?> @ ^\t. Grown-in X|5(g7 -,|S^<7> 7 . P I ^^A^h^h ^ G r o w 
n- i nXl^fi7 'j -^SH^^j^tt J: < ^/^tcW/J^Tt 'i > ^P-IS B^H<^ff /j^^vi^^^ 
-f -5. 3 i: IC § o ^¥tm<^'^\\<^'^^\t. ^ <^ J: 7 '5r ^ >; 13 > l|i|S,^Wl3^;'?vS IC J: Mjh $ 
tlfc^p^DSTfi:^ X K 'SrMffiW©^ V :3 > ^ ^ - ^ M il^^^S ^ "t •& C tc 

[0018] 

Xm^^RftlJPlc J: ^ G r o wn - i nXPl§-7 -j -*SH^B<7>W/3^J$»f T-^H i: ^ ^^tt • 
[0019] 

m Uc. *SB^B4^'i:^gl^Tc?5fi)^^aEG c ^*SH^B5^lllg|5-e<?:)-MSlJiQG e i: fa] - z ti =fc 
±t < i-^ J: 7 icX^^tlf::* N > ^ it ^ ffl T . ^1 _h l-f ^ ^ ® T ^ -tt 

ib*^^,1g^^;^:R^ Hf/ci: t co,1«^i&K)TffllcibMt^ O S F ^^^t^^ U ^ff^fbi" -S Jt^lc 
. ±i-f tcii A-t ^ Xv$'[4^'x43tcma<^*^^'7.^-;S A-t ^ . ^ <ryt^^n'MM\z 
Id It S XFig5>^ a . H 4 tc^-t 7 ic . XFig7 'j -ft:<^f-a6<?>'^l±(f il/tlBHB' -C' 
; > K - 7"<?> § <?5|I1 3 ^(T)-^ - C tctt:'^T,^SB^$4;^fS]tc^^-t^ „ 
[ 0 0 2 0 ] 

m2lc. h\-fm^mm<r)^^±\t. O S F > r^^^Iial*^fSI|cl3.i:.g|5tcvf^i)^-t^ 

BaJf^MS V o*«_h*»-53i:i:. Ktii^'^x^' )!?*^^-t -5 ESi^M^ V d *»<B:T-t -5 3 i: ic J: 



[ 0 0 2 1 1 

m 5 ttgi_hi-fMS t o SF V > ^^<^m<^jzAis'txm^^<^Bm&-^^Lx\^^. m 

O S F > rg^?*^ ❖ Ic|^|/Jn L . Basils V o T 0 iciRmi" o 
[ 0 0 2 2 ] 

i^Uffflic It s o s F ^^t£^itsi<^jf^^^ u^^'t^fb trzm^X'. K'oyi<m j y \^ -y°<^m 

^T'ib^o CcoJt^ii. O S F 'i > i^S*^-|=!|/J^^II*^i-t ^ ^1 ±(ti2)^*M&T L . ^^m^^ 
lis J; ^ :t.-®lcl^S/jN;b--je3 ^ . fi^t^c^^Jt^ i: (5 ism C ESa^^if 1$ V o T 0 iciR^-t ^ „ IP 

t^^m^ fi^t^. BSI^iiS V o i)^_hi)*^ :bltTMi'5rv^<7)T. IKM^I -ht-f ^^iv^ ti^ o 
[ 0 0 2 3 1 

ontcrtL . mm (±m) it. m^B^'t^mx^um'hjmG c^'4^B,9\^m^^x<^um'ijm 
G e tm-t- zn ^ ±B < LrzM^. ip . ^\ Jii-fmm^ ^ \z is^r ^ -b^ h ^ 
iirzs^m^B^mmmizisi-f ^ o sf mv^^ v ^m>\kiz Lrzm^x. K^y^m h 

[ 0 0 2 4 ] 

c<7)j;-7lc. G r own - i n y ';-X|5fi*Dll<7)Wfi^lC7K*H-7°^ffi^^i^i±§3i: 
ic J; ^) . 'J > r O S F ^I±5|;b^-|g|| c^3.i:^g|^-^-vflil^-t § ea^ili^)b*±i)* ^ . Ziilz ^ . as 

g r o w nX'^^^B^:bl^^i^\zmil ^ y ^-^ 9 JkU C O F t]^W{±L G r o w n - i n 
Xmy ') -co^^^Bt^. 1^* J: mm<^m±.i-fiz J: W/^^HTIIi: ^ IC. tK* K - 

v'\z ^ . ^ y ^ 9 (D^^-t ^ym<r)^\ # Jii-fM^V d**Vd' \z^T-t ^ z h\z 

J; . X|5|g7 'j -ft:<7^f::a6<?>^|_hltiiSIBHib*B- C ib^"^ B' -C ic IT ib^' ^ . MX 
|5(g*SH«H**^JS LT W/^^ftgi: ^ ^ . G r o w n - i n 'j - b^h «1 # g t 

L < rs]±-t^» 

[ 0 0 2 5 ] 

7KlfeK-7°^ffijz;i^t:.H±SCi:lcJ:'9Gr own-i nXK^M - fbco a6 <50 ^| _h l-f aS 
[ 0 0 2 6 ] 

1 3 0 O--! 3 9 0'C<r)mU^m.^X-> 'jr^^^a: - ^ M^fl L .-fw^ L Jf^. ^JL 

ff^;^^ ti^ (3cic 1 : *i^iE'^v i 9 9 9 ¥6;!3B mm'^m^^.u^JL^^n^m \\ 
/iiJt^. *s^/^in3!§^<?5 c o p 1 1 0 0 °c) ^rz\tm.i^ ^ ^ 0 0 0 ^ 

<7>Grown-in X I^g ib^- ff^ fi^ ^ tl^SSi: ^ ^^MgMciD v^T . ^ yt^^n^X'^M 

\zn^-t h'^^v^fzxtm^'m'y ') ^y ty^mt^fxfZL . ^11- ^ fzitrnj-m y ^y 
tiz-^^^. z<^rzdbiz . ^^L^m^my ') ^ y ^umitmu^ copis^umn^^ 

[ 0 0 2 7 ] 



^^-ilal (^fL^Mm# t %x.^n^) t}'X^B (ycm2 : E. 1 ino. K. Takano. M. Kiniur a. H. 
Yamagishi iMaterial Science and Engineering B3 6 (1 9 9 6) 1 4 6 — 1 4 9^ 
3 : T. H. Wang. T. F. Ci szk . and T. Schuy 1 e r : J. Crys t. Growth 109 (19 

91) 155-161). ^fzV yGij^yt^4^^\^^^m>^ ') ^ > f*^^ f+ T T li . 

^'^tiTv^§(3Ci^4:Y.Sugit :jpn. J. Appl. Phys 4 (1 9 6 5) p 9 6 2)o 
[ 0 0 2 8 ] 

^r^^_,^^ tx i$.x.^^\^ Z tlz^j: ^ . 
[ 0 0 2 9 1 

me It. c z^Sa^ff/^Bf (;o*SB^45'i:^gMc*Dtt-g> 1 i o o °ciii±iositTc?>. ^^ns^u 
t&T^i- r3><^-issc vfeckD^c i § jii-fMSv tm'm^mi5:mx<^^^Bm'^um. 
%]mGt<DitvyG t<7)m^^x^ . ^mt^'^^m^iz^^-t ^m'^<^ c o p nj^z/mii. ^ 

i}-^m m ^ n ^ ^ Mm -t i> o z zx. v o . v c ru v a it ^ n n ') > o s f 

. C 0 F 7kum,i^L ^ y 7^ 9 ili^'L^m^rzlt'^^\^(^-miz±f^Liii3dh^W.r^m&X3h 
. Cv-OSF. Cv-COP;^DfCi-disHi. ^ fl^'flO SF ') > ^^i^. CO 

[ 0 0 3 0 ] 

G r o w n - i n XPig7 - ,1$ ^ i)*Wfi^T- § -g. J; 7 icliS ^ g ^'j [S] ic V/G G c > G 

^m^. ^1 § V o J: ±§ < L f-Jt^ ( H 6 ( H 2 ) =0 ^M^) . ^^If^^ 

mm^j: ^.xmmx $^ ^ c 0 F i]^m^^±-t ^ . Lf^-t^^t^-^. y^mti^tsmmn^x c z 

m^B^^f^-t (0 6 <7>H 1 . H 2 cDM^) izit. ^^Ity^mij^^i^^r^f^'t ^fz 

db. e i'&^?L<?>-ii^iifiTi--5o z<D^^^jicomm<^i&rit'^^B<^<^i<mmmizi{i^ 

0 S F > ^';??^-^;3^-t -5. /ca^co § Jii-t'illt V o a V o ' . V o " J: 7 ^iSffi 
iy y h L . COP ^ fcd6<?>^| § il-fii^V ctVc' . Vc" c?>J;7 iC^ilMlC 

iy y h -f ^ z tlz^j: ^ o 
[ 0 0 3 1 ] 

^i-frnm^kv d ^ *) ^4^^ < t-tzm-^ cm 6 <^ (H 2 ) = 0 ^m^) tea. 

+&T^>' M :3>**fS»'&;^X|5|g«i: ^ ^ . :3><?>-il)^liC i >C i - d i s 1 

t^j: . ^§T^>' •i=i><?)2)XX|5fgi:LTK<>i^^X5' ij^ii^^^i- -5 o L L . tK^^ 
^-t^^H^fl^TffB^-t^Jt^ (II16<^(H2) =H1 ^fzltH 2m^) tcti. ^Tfl^^ 

. Kfi^^x^^^tlR^-t^f-yjiO^^IS^ltlll^Vdtt. ISffi^}i;tCi-disli:-^-t^ 
J; 7 tc. J; fill fij V d ' X V d " tc ^ 7 h i" ^ c i: tc=5r § » 
[ 0 0 3 2 ] 

III6<7)(H2)=H1.H2<?>J:7 lC7K*-ilSib*ffl?te5lc{B:v>jt^. V/ G ib*?^^^:'^ § 
<>5r-?.h. ^JL-HIS^^C O P ^^fi^i--5/ia6</)|5a?^il)tC V- C O F ^ < ^ fzdb 

iz. C O F <^^f^ltfv^lzitmm^ tLt£^^t)^\ 7K^jb*i^a L >&v^jt^ J: ^^JL-il^i?*® 
T -t ^ a6 ic. C O F ^ Xit^h^ < ^ ^ . 
[ 0 0 3 3 ] 

O SF > r^^<7>|SaWiil5 V o' ^ fzltV o " lilT . isJzumik^ x 9 ^^o^^^^ 
iiSVd' ^^cliVd" iiiJico^l t _hi-fMS<^iBHT'li. ^JLfc J: ^^^^ ^ >- V =i > <^-il 



fz. tK^^ F - 7- L ^-v^jf Grown-in XFiS 7 - i: =5: § ^1 S ±lf ilS^ 

[ 0 0 3 4 ] 

tf::0 SF ') > ^^'^^J^-^ i; ^ ESa §^ V / G ^ ft^ J: ^ V X G t}-^± B fj'ttme^ i&v^m^lz It 

. ') > ^0 SF it'^^^B^'iym'^'m c -f c o p t^-^ <^\Hm^ti^\z¥t±-t ^ ^(^^ a y^xt 

^i)^^9t\z'^\-^fzi^^\z 'B.±'^m^^^-t ^ c t li'Srv^o 
[ 0 0 3 5 ] 

-^^m\t1^-f)-^'m^^^m\z\.'Z^)^^nfz%(r^'Z^'0 . ^<7>iy')r2iy^^-^^\t. 7k 
* ^ # t? ^v$'l4f|: H t\ C Z a ic J; /j^ $ ti M ^ > l|l IS H ^ _ ^ k, ^ ^ 
s grown^t^.ie. fiP ^ _h t ^ ^ Sit 'Sr ^ ^x-^xj?^^^ 

^taXTlpl^^^^l^n^^taltcCOP^a-t'&v^Tt^Gr own-i nXffi^ ';-^3:-^xlc 

[ 0 0 3 6 ] 

^ X - ^A/? $ rS]^t5^TlSB^B^^i^^<7)^ts^ic c o P Jc D^^^fi ^ 7. 57 t ti\^^^ 

Grown-inXPi7'j-^x->Ni:$tl. - ^ ^ ^ tal 1^ fi6 =3 > fS^ 

(.^=t^'y ') :3>^c7)G r own-i nXPlg^ 'j -^Ita!t) ^ C i: ic J; ±1211 

o 

[ 0 0 3 7 ] 

r own - i nXPig^ M-^IS^^WfiKi-§^vS-e*>oT. 

7K*^#t?^Vl^'tt#HM'+'T'>' >^|S^^^| # _hl-f ^ Z i: IC J: . 

,1«B^HS^fS]^taiilc C O P J: Dffei:^ ^7 ^x5'^#*-f. 5f§^^s. >; 

(t&Tfl^^ ';:3>^<7>Gr own-i nXPl§-7 -^^) <?>m*S^^^I # _h It of ft| P I 

ti/iP I ^l±5|^l § ±(tii/tlEffl<^^l § ±ttii)^-e^l § ±it-g> c t ic . iji 

o 

[ 0 0 3 8] 

t /i. ^iei^7^-'l4#Hf\cl3ic*D tt-STk^^^ffjbM . 0^9. 33kPa (30-^-70 10 
r r ) fS H ic ^ tl T ^ Z ^ § -g. . 
[ 0 0 3 9 ] 

]±.-h\t. 10torri>I_h. ^*L<l±3 0torr--2 0 0torr. ^'blc.^ff*L<li. 3 0 

tor r-- 7 0 tor r)b*m * L ]EEtl<^TFRtt. 7Ka<7> ^^ffi ^j*® < ^ h . Mifi i?x J: I^d 4^ 
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